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Description

This invention relates generally to trunked com-
munications systems and more particularly to
trunked communication systems that transceive both
voice and data.

Background Art

In a basic RF trunked system there exists a high
degree of flexibility to partition voice conversations
between different groups so that no one group of
users is specifically aware when another group of
users makes use of the system. Typically, these
groups are subdivided into subgroups so that calls
may be made upon either a group, subgroup or indi-
vidual basis depending upon the type of communica-
tion desired by an initiating subscriber.

To establish a voice communication between a
group of units operating on a trunked system, a sub-
scriber unit transmits a data packet called an "in-
bound signalling word" (ISW) on a control channel
that is maintained for such purposes. The ISW con-
tains at least the requesting unit's unique ID code,
which may contain or be used to obtain the requesting
subscriber’s current talk-group. The request is for-
warded to a central controller, which decodes the re-
quest, and transmits on the control channel a data
packet called an "outbound signalling word" (OSW) to
all subscriber units, which continuously monitor the
control channel when not participating in a voice con-
versation. The OSW is a channel grant which contains
the talk-group code of the requesting unit, and the
voice channel number assigned for the conversation.
The OSW causes the requesting unit to move to the
voice channel and commence transmitting, while si-
multaneously causing all other subscriber units in the
same talk-group to move to the voice channel as lis-
tening units. In this way a group call is set up. If, how-
ever, all voice channels are in use when a subscriber
unit transmits an ISW, the central controller typically
sends the requesting subscriber a "busy OSW".

In addition to voice messages, it is desirable to
send data information across a trunked radio chan-
nel. In some data systems, a subscriber unit obtains
a trunked data communication channel via the same
procedure used to obtain a voice channel. However,
this practice is inefficient and spectrally wasteful, due
to the time it takes for a requesting subscriber to
transmit an ISW and receive a channel grant OSW
from the central and the time it takes to set up and
clean-down calls on a voice channel. At contempor-
ary data transmission rates, it is anticipated that an
entire typical data message would take substantially
less time to transmit than the time required to set-up
a channel (approximately .5 seconds). Thus, assign-
ing a data channel pursuant to the same procedure as
assigning a voice channel would be wasteful of spec-
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trum and consume precious system time that could
be better used to transmit data messages.

Other trunked communication systems desirous
to accommodate data traffic have permanently dedi-
cated one or more channels to handling data traffic.
While this avoids the access time problem noted
above, this technique is contrary to the basic princi-
ples of trunked communication systems, which strive
to allocate channel resources across a plurality of
users as required. Therefore, the practice of having
dedicated data channels, permanently removed from
the channel allocation "pool" of frequencies, is waste-
ful of spectral resources and leads to inefficient sys-
tem operation. Moreover, the dedicated data channel
systems lack the capacity to dynamically redistribute
or allocate the data traffic load across the available
data channels. Such systems typically permanently
assign a subscriber unit to a data channel thereby
building in future problems as the number of data sub-
scribers increases on a particular channel.

WO-A-86/00775 describes a method of imple-
menting a cellular telecommunications system to sup-
port both circuit-switched telephone voice and circuit-
switched individual data messaging.

Accordingly, there exists a need for a trunked
communication system that can accommodate both
voice and data signals, and that operates in true
trunked manner to efficiently utilize spectral resourc-
es.

Summary of the Invention

In accordance with a first aspect of the presentin-
vention there is provided a method of operating a
trunked voice/data communication system having a
plurality of voice/data subscriber units for communi-
cating over a plurality of communication channels,
some of which may be allocated for data traffic, and
a particular one of which is reserved as a control
channel, the method characterised by the steps of: in
at least one of said plurality of voice/data subscriber
units: determining whether at least one of the commu-
nication channels has been allocated for data traffic;
transmitting, over the control channel, a data channel
request for a data channel to be allocated for use by
multiple data users if no data channels are currently
allocated; receiving, over the control channel, a data
channel grant which identifies a particular communi-
cation channel as a data channel for use by multiple
data users; operating, thereafter, on said data chan-
nel until a predetermined event occurs; wherein said
predetermined event comprises one of the following:
receiving a command over said data channel to mon-
itor said control channel; or the expiration of a prede-
termined time interval during which there was no data
activity;or initiating a voice channel request; and
thereafter, monitoring said control channel.

In a second aspect of the invention there is pro-
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vided a method of operating a trunked voice/data
communication system having a plurality of
voice/data subscriber units for communicating over a
plurality of communication channels, some of which
may be allocated for data traffic, and a particular one
of which is reserved as a control channel, the method
characterised by the steps of: in at least one of said
plurality of voice/data subscriber units: determining
whether at least one of the communication channels
has been allocated for data traffic; transmitting, over
the control channel, a data channel request for a data
channel to be allocated for use by multiple data users
if no data channels are currently allocated; receiving,
over the control channel, a data channel grant, which
identifies at least one of said plurality of communica-
tion channels as data channels for use by multiple
data users, and further identifies a particular one of
said at least one of said plurality of communication
channels as a first allocated data channel; operating
on a data channel selected from said at least one of
said plurality of communication channels until com-
manded to otherwise operate according to one of the
group of commands: monitor said control channel;
monitor said first allocated data channel; or generate
a voice call request; and, thereafter, operating in ac-
cordance with said command.

The present invention advantageously provides
an improved trunked communication system capable
of accommodating both voice and data traffic, which
data traffic is accommodated without permanently re-
moving one or more channels from the trunked chan-
nel resources. The present invention may accommo-
date prior voice-only or data-only subscribers.

The present invention advantageously permits
prior data-only subscribers to communicate notwith-
standing the absence of an assigned data channel.

A further benefit arising from the present inven-
tion is that, while providing trunked data communica-
tion, spectrally wasteful access time is minimised.

Exemplary embodiments of the present inven-
tion will now be described with reference to the ac-
companying drawings.

Brief Description of the Drawings

The features of the present invention which are
believed to be novel are set forth with particularity in
the appended claims. The invention, together with
further objects and advantages thereof, may be un-
derstood by reference to the following description,
taken in conjunction with the accompanying draw-
ings, and the several figures in which like reference
numerals identify like elements, and in which:

Figure 1 is a block diagram of the trunked com-

munication system of the present invention;

Figures 2a through 2¢ are flow diagrams illustrat-

ing the steps executed by the fixed-end equip-

ment of Figure 1;
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Figures 3a through 3f are flow diagrams illustrat-
ing the steps executed by the voice/data sub-
scribers of Figure 1;

Figure 4 is a state diagram illustrating the opera-
tion of the voice/data subscribers of Figure 1.

Detailed Description of the Preferred Embodiment

Referring now to the drawings, and in particular
to Figure 1, there is shown a block diagram of the
trunked voice/data communication system (100) of
the present invention. The centralized or fixed-end
equipment comprises a central controller 102, which
is responsible for allocating the channel resources
(represented here by repeaters 104a-104N) amongst
the many subscriber units. Of the available commu-
nication channels, one (repeater 104a) is selected to
be a voice control channel, which will communicate
with any trunked subscriber capable of transmitting
voice traffic. Typically, the particular repeater select-
ed to be the control channel (104a) is periodically
changed as a control measure.

Preferably, each of the repeaters 104a-N are ca-
pable of operating as a voice channel, control chan-
nel, or data channel. To accommodate data traffic,
such repeaters are equipped with a data interface
122. The data interfaces 122 are responsible for en-
coding outbound data, decoding and error correcting
inbound data, repeater control, and providing an in-
terface between the repeater and the network con-
troller 108. Alternately, a predetermined subset of the
total number of repeaters may be equipped for data
or use as a control channel. The data network com-
prises at least one host computer 106, which is cou-
pled (i.e., wireline host) to a network controller 108.
The network controller 108 is responsible for data
traffic routing and communicating with the central
controller 102 to request the allocation of a data chan-
nel. Those skilled in the art will appreciate that if the
host computer 106, the network controller 108 and
the central controller 102 are co-located, the inter-
couplings (124-128) may be direct. However, should
remote locations be desired, such communications
may be maintained through the use of data modems
as is known in the art. Optionally, or additionally, the
trunked voice/data communication system 100 may
employ one or more radio frequency (RF) coupled
host computers 118. The RF host 118 communicates
as a trunked control station via any suitable data
transceiver 120. The primary difference between the
wireline host 106 and the RF host 118 is that the data
subscribers communicate directly (i.e., via both the
inbound and outbound frequencies of a data equip-
ped repeater) with the RF host, whereas the wireline
host 106 transceives all information via the inbound
or outbound frequency of a data equipped repeater.
Accordingly, the data network of the present inven-
tion may employ several computers in either a cen-
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tralized or distributed processing arrangement.

Generally, the fixed-end equipment also includes
a system manager console 110 that enables the su-
pervisor of a communication service provider to seta
number of operational parameters that control the op-
eration of the trunked communication system. Typical
examples of such parameters include the maximum
number of assignable data channels (if any), whether
voice or data will be the priority traffic, and various
threshold values that control when data channels
may be added or reallocated to voice traffic. Thus, at
any particular time, the trunked communication sys-
tem of the present invention need not have any chan-
nels allocated for data traffic. Conversely, if voice
traffic is low, or if data traffic enjoys a priority status
or is particularly heavy, one or more channels may be
allocated for data communication.

According to the present invention, a predeter-
mined channel ordinarily comprises the first channel
to be allocated for data. Preferably, this first assigned
data channel (hereinafter "the master data channel")
has the same frequency as any single frequency
data-only subscribers (116) to provide maximum
compatibility with existing data equipment. Alternate-
ly, a random channel may be the first assigned data
channel; however, the multi-channel data-only sub-
scribers may have to scan the available channels to
find it. Thus, the present invention prefers to first as-
sign a selected channel, and, thereafter, assign any
other data equipped (122) channel as an additional
data channel.

The present invention allocates data channels for
a time interval determined by either the system man-
ager or a default parameter. The length of the alloca-
tion period may vary with the time of day, system
loading or other such parameters. By reserving a
channel for data use over a time period, data channel
requests are minimized and spectral efficiency is
maximized since a data subscriber need not request
a data channel for each separate data transmission.

As a general principle, the goal of any trunked
communication system is to effectively allocate the
limited channel resources amongst a plurality of sub-
scriber units. The present invention contemplates
three classes of subscriber units: voice-only subscrib-
ers 112, voice/data subscribers 114, and data-only
subscribers 116. The voice-only subscribers 112 are
contemplated to be any existing trunked subscriber
unit having a compatible signalling protocol to allow
interaction with the system (100). The data-only sub-
scribers (116) are contemplated to be any multiple or
single channel data transceivers such as the KDT
800™, manufactured by Motorola, Inc., or functional
equivalent. Of course, receive-only data devices,
such as any of the Motorola family of display pagers,
may also operate to receive paging data over an as-
signed data channel.

Additionally, the present system contemplates a
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voice/data subscriber 114 capable of operating within
the trunked system 100. In this way, the trunked sys-
tem of the present invention accommodates existing
equipment, while providing enhanced communication
capabilities. Subscriber units are typically comprised
of either mobile, portable or control stations. Typical-
ly, mobile units are understood to be transceivers de-
signed to operate in a vehicle. A portable unit is typi-
cally understood to be a transceiving or receive-only
device designed primarily to be carried on or about
the person. Control stations are usually permanent or
semi-permanent installations in buildings or other
such fixed locations. These are collectively referred
to herein as subscriber units, which communicate
with one another through the fixed-end equipment.

Referring now to Figures 2a-2c, the steps execut-
ed by the fixed-end equipment are illustrated therein.
Referring now to Fig. 2a, in step 200, the central 102
receives a data channel request either from the net-
work controller 108 or from a voice/data subscriber
114. The voice/data subscriber 114 may communicate
such a data channel request via the control channel
104a when the subscriber has data to transmit. The
network controller 108 may communicate a similar
request over the connection 126 to the central con-
troller in several circumstances to be hereinafter de-
scribed.

For a single channel data-only subscriber 116 to
request a channel, a request may be made over the
master data channel to the network controller since
the data-only subscribers cannot transceive on the
voice control channel. According to the presentinven-
tion, the data-only subscribers may communicate
with the network controller irrespective of the fact that
no data channels are currently assigned. The reason
for this is that a de-keyed repeater continues to oper-
ate as a receive-only device. In this way, the network
controller 108 can "hear" a data channel request from
a data-only subscriber 116 and repeat it to the central
controller 102. If a data channel is available, the cen-
tral controller will format and return a data channel
grant both over the control channel 104a (to the
voice/data subscribers 114) and to the network con-
troller 108 via the connection 126.

Accordingly, decision 202 tests to determine
whether a data channel has been granted by the cen-
tral. If not, the routine proceeds to step 204, where the
network controller (or data subscriber) waits a prede-
termined time interval before returning to reference
letter A of Fig. 2a to again request a data channel. If
the central 102 grants a data channel, the routine pro-
ceeds to step 206, where the central transmits the
data channel assignment over the control channel
104a and to the network controller 108. Thereafter,
data-only subscribers 116 and voice/data subscribers
114 operating in the data mode may communicate
over any of the assigned data channels.

Data operation may continue without further data
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channel requests for the allocated time period, which
may be determined by the system manager 110.
When the allocation time period has expired, or high-
er priority voice traffic exists, the central controller
102 transmits an instruction to the network controller
108 to relinquish the data channel. Thus, decision 208
tests to see whether the central has so instructed. If
so, the routine proceeds to reference letter B of Fig.
2b where the channel is relinquished. If not, the rou-
tine proceeds to decision 210, which tests to see
whether an additional data channel is needed.

If the data channel traffic on any existing data
channel exceeds a predetermined threshold, the net-
work controller 108 may request an additional data
channel from the central controller 102. To do this, the
network controller proceeds to reference letter A of
Fig. 2a to transmit another data channel request to
the central. If another data channel is available for
data traffic, the central may assign an additional data
channel.

Of course, when another data channel is as-
signed, the data traffic load, per channel, is uneven.
Accordingly, the present invention contemplates lev-
eling the dataload among the available data channels
to maximize data communication. Two preferred
methods for allocating data channels and leveling the
data traffic load is described in two co-pending appli-
cations filed on an even date herewith. The first is by
Garry Hess (U.S. Patent 4,831,373, granted May 16,
1989), and the second is by Ken Zdunek (U.S. Patent
4,870,408, granted September 26, 1989), and both
are entitled "Method For Dynamically Allocating Data
Channels On A Trunked Communication System",
with each being assigned to the same assignee as the
present invention. These cases are hereby incorpo-
rated by reference as if fully set forth herein.

Referring again to Fig. 2a, if decision 210 deter-
mines that another data channel is not needed, the
routine proceeds to reference letter D of Fig. 2a,
which forms the fixed-end operational loop compris-
ing decisions 208 and 210. The fixed-end remains on
this loop until either a data channel is requested to be
relinquished or another data channel is requested.

Referring now to Figure 2b, the steps executed to
relinquish a data channel are shown. Assuming that
the central controller 102 has requested the network
controller 108 to give up a data channel, the network
controller transmits a "return to control channel"
command 212 over the data channel to be relinquish-
ed. All data compatible subscribers receiving this
command return to the control channel 104a. Of
course, single channel data-only subscribers contin-
ue to monitor their particular single frequency. In step
214, the network controller 108 releases the data
channel to the central controller. In step 2186, the cen-
tral 102 may now assign this channel for a voice calll.
After this, decision 218 determines whether there are
remaining data channels. If the network controller
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108 has released only one of several data channels,
the routine proceeds to reference letter D of Figure 2a
to continue data operation. However, if the sole data
channel was relinquished, the routine proceeds to ref-
erence letter C of Figure 2c.

Referring now to Figure 2¢, the network control-
ler 108, after relinquishing the sole data channel,
starts a request timer in step 220. Decision 222 de-
termines whether this timer has expired. If so, the rou-
tine returns to reference letter A of Fig. 2a, to request
a data channel. If the timer has not expired, the net-
work controller 108 determines whether the host
computer 106 has any data for transmission. If the de-
termination of decision 224 is that the host has data
to transmit, the routine proceeds to reference letter A
of Fig. 2a to request a data channel. Otherwise, the
network controller determines in decision 226 wheth-
er a data message has been received from a data-
only subscriber or an RF host computer. If the deter-
mination of decision 226 is that such a data message
was received, the network controller 108 "knows" that
the channel which carried the data is idle and that a
data-only subscriber wishes to communicate. Accord-
ingly, the routine returns to reference letter A of Fig.
2a, where the network controller requests a data
channel to allow it to communicate with the data-only
subscriber. However, if the network controller 108
has received no such data message, the routine con-
tinues by returning to reference letter C of Fig. 2c,
which forms a waiting loop until either the request
timer expires or some data activity occurs.

Referring now to Figures 3a-3f, the steps execut-
ed by the data/voice subscriber 114 are shown there-
in. Referring now to Fig. 3a, in step 300 the subscriber
unit powers up. During power up, the subscriber unit
may execute any self-check routines and initialize op-
erational flags and variables. During this time, the
subscriber unit determines in decision 302 whether to
operate primarily in the voice mode. If so decision 302
transfers control to reference letter E of Fig. 3b for
voice mode operation. If not, decision 304 tests
whether the subscriber operates primarily in the data
mode. If decision 304 determines that the subscriber
normally operates in the data mode, the routine pro-
ceeds to reference letter F of Fig. 3d for data mode
operation.

Alternately, the subscriber unit may use its last
mode of operation. Thus, if the last communication
was a voice call, the subscriber unit would operate in
the voice mode. Conversely, if the last communica-
tion was a data transmission, the subscriber would
operate in the data mode. Decision 306 determines if
the last mode operational option is selected. If not, the
routine proceeds to step 308, which signals that a unit
fault has occurred for failure to determine one of the
only three available modes of operation. However, if
the determination of decision 306 is that the last mode
was selected, decision 310 determines whether the
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last activity was a voice call. If so, the routine pro-
ceeds to reference letter E of Fig. 3b for voice mode
operation. If the determination of decision 310 was
that a data transmission was last made, the routine
proceeds to reference letter F of Fig. 3d for data mode
operation.

Referring now to Figure 3b, the steps executed by
a voice/data subscriber 114 in the voice mode are
shown. In step 312, the subscriber unit monitors the
control channel. According to the present invention,
the voice mode subscriber unit must at all times be
either monitoring the control channel, or participating
in a voice call on one of the available voice channels.
Accordingly, the voice mode subscriber continuously
monitors the control channel until a command is re-
ceived or the operator transmits. According, decision
314 determines whether the subscriber operator has
pressed the push-to-talk (PTT) switch. If so, step 316
transmits a voice call request over the control chan-
nel to the central controller 102. Following this, the
subscriber returns to reference letter E of Fig. 3b to
monitor the control channel. If the PTT switch was not
newly depressed, the routine proceeds to decision
318 to determine whether a channel assignment has
been received over the control channel.

If the determination of decision 318 is that a chan-
nel assignment has been received, the routine pro-
ceeds to step 320, where the subscriber goes to the
assigned voice channel to participate in the call. After
the completion of the call, the routine returns to ref-
erence letter E of Fig. 3b to again monitor the control
channel.

If the subscriber operator has entered data for
transmission, decision 322 changes the subscriber’s
operating mode to the data mode and the routine pro-
ceeds to reference letter F of Fig. 3d. Decision 324 de-
termines whether the voice mode subscriber has re-
ceived a command over the control channel to go to
the data mode to receive a message from the host
computer 106. Preferably, the central 102 keeps track
of the subscribers operating in the voice mode. The
network controller 108 thereby avoids wasted trans-
mission time by not transmitting a data message to a
subscriber known not to be monitoring one of the as-
signed data channels. Thus, the network controller
may request the central to command a voice mode
subscriber, whether on a voice channel or the control
channel, to move to an assigned data channel to re-
ceive a data message. Alternately if the subscriber
may not be interupted from existing voice call, the
central may wait until the conclusion of the voice call
and transmit the data channel command via the voice
control channel. Upon receiving such a command, de-
cision 324 routes the program to reference letter G of
Fig. 3d to participate in the data transmission.

While operating in the voice mode, any subscrib-
er unit monitoring the control channel may receive
any data channel allocation information transmitted
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from the central 102 over the control channel. Ac-
cordingly, decision 326 tests to determine if such data
channel allocation information has been received. If
s0, the routine proceeds to step 328, where the infor-
mation is stored for later use. If not, decision 326
routes the program to reference letter E of Fig. 3b,
where the subscriber continues to operate in the loop
of Figure 3b.

Referring now to Fig. 3d, the steps executed by
the voice/data subscriber 114 while in the data mode
are shown. According to the present invention, a
voice/data subscriber may operate in the data mode
in any one of three ways: the data monitor mode, the
voice monitor mode, and the last channel mode. In the
data monitor mode, the subscriber unit monitors one
of the assigned data channels until commanded to re-
turn to the control channel or the voice mode. In the
voice monitor data mode, a subscriber unit may oper-
ate in the data mode, while monitoring the control
channel, thereby enabling rapid participation in any
voice messages. In the voice monitor mode, a sub-
scriber may momentarily go to the data channel to
transceive data and thereafter immediately return to
the control channel upon completion of the transmis-
sion or reception. Alternately, as the name implies,
the last channel mode comprises the subscriber mon-
itoring either the data channel or the control channel
depending upon the last communication type.

Accordingly, decision 330 determines whether
the subscriber should monitor the data channel. An
affirmative decision results for a data monitor mode
subscriber, or a last mode subscriber that had previ-
ously transmitted or received on the data channel. In
all other cases, the determination of decision 330
causes the subscriber to monitor the control channel,
step 332 of Fig. 3c. This is also designated as refer-
ence letter L in Fig. 3¢. Referring now to Fig. 3¢, once
monitoring the control channel, the subscriber contin-
uously attempts to decode commands and channel
assignments. Accordingly, decision 334 determines
whether a voice mode command has been received.
A voice mode command causes the subscriber to re-
vert to the voice mode as illustrated in Figure 3b. Fail-
ing this, decision 336 determines whether a data
channel assignment has been received from the cen-
tral controller 102.

As previously mentioned, the central 102 keeps
track of the subscribers operating in the voice mode.
The network controller 108 avoids wasted transmis-
sion time by not transmitting a data message to a sub-
scriber known not to be monitoring one of the as-
signed data channels. Thus, the network controller
requests the central to command a voice mode sub-
scriber to an assigned data channel to receive a data
message. Accordingly, if decision 336 determines
that a data channel command has been received,
control reverts to reference letter F of Fig. 3d, wherein
the subscriber moves to monitor the data channel. If
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not assigned to a data channel, the routine proceeds
to decision 338, which determines whether new data
channel allocation information has been received. If
s0, the information is conveniently stored in step 340
and the routine returns to the reference letter H to
again monitor the control channel.

Decision 342 determines whether the operator
has activated the push-to-talk switch to initiate a voice
conversation. If the determination of decision 342 is
that the push-to-talk switch has been depressed, the
routine proceeds to reference letter E of Figure 3b,
thereby switching to the voice mode of operation to
participate in a voice call. A high degree of flexibility
is afforded in the present invention by allowing the
subscriber unit to operate in the data mode, while
monitoring the control channel. Thus, in decision 344
the subscriber determines whether a voice channel
grant has been received on the control channel. If so,
subscriber unit operates (step 346) to process the call
and then returns to the data mode of operation to
monitor the control channel (reference letter H of Fig.
3c¢).

If no voice grant has been received, decision 348
determines whether the subscriber has data to trans-
mit. If so, the routine proceeds to reference letter F of
Fig. 3d, where the subscriber goes to the data chan-
nel to await data transmission. If a subscriber has no
datato transmit, the routine reverts to reference letter
H of Fig. 3c to continually monitor the control channel,
while checking for commands and assignments in the
subscriber unit’s operational loop.

Referring now to Fig. 3d, assuming an affirmative
determination from decision 330, the subscriber unit
monitors an assigned data channel (step 350). Step
352 starts an inactivity timer, which causes the sub-
scriber to revert to the control channel if there has
been no data activity by any subscriber for the prede-
termined timer interval. Accordingly, decision 354 de-
termines whether there is any current activity on the
data channel. If so, the routine proceeds to reference
letter | of Fig. 3e, where the subscriber unit operates
to receive the data and process it. If there is no activ-
ity, the routine proceeds to decision 356, which deter-
mines if the subscriber has any data to transmit to the
host computer 106 (or 118). If so, the routine proceeds
to reference letter J of Fig. 3f for the subscriber data
mode transmission routine. If the subscriber has no
data to transmit, decision 358 determines whether the
subscriber’s operator has activated the PTT switch. If
so, the routine proceeds to reference letter E, thereby
changing to the voice mode. If the PTT was not acti-
vated, decision 359 determines whether the timer has
expired. If the determination of decision 359 is that
the timer has not expired, the routine proceeds to ref-
erence letter K of Fig. 3d to form a loop checking for
data channel activity. If, however, there has been no
data activity for the period of the timer, decision 359
routes control to reference letter H of Fig. 3¢, where
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the subscriber unit begins to monitor the control chan-
nel (step 332), while remaining in the data mode.

Referring now to Fig. 3e, the data mode receive
sequence is illustrated. In step 360, the data is ex-
tracted from the data channel and received by the
subscriber unit. Decision 362 determines whether the
received data has an ID portion corresponding to the
subscriber’s ID. If not, either the data has been re-
ceived in error or the data was not addressed to this
subscriber unit. Accordingly, step 364 resets the ac-
tivity timer and control is returned to reference letter
K of Fig. 3d to again monitor activity on the data chan-
nel.

If the determination of decision 362 is that the ID
is valid, the subscriber unit processes the information
to receive the data and/or commands from the host
computer 106. Decision 366 determines whether a
voice mode command has been received. If so, the
routine proceeds to reference letter E of Figure 3b,
where the subscriber unit switches to operate in the
voice mode. If the determination of decision 366 is
that a voice mode command was not received, deci-
sion 368 determines whether a "go-to control chan-
nel" command was received. If so, subscriber unit re-
mains in the data mode, but adapts to monitor the
control channel. Accordingly, program control is rout-
ed to reference letter H of Fig. 3c.

If the received data did not contain a voice mode
or go-to control channel command, the routine pro-
ceeds to decision 370, which determines if the sub-
scriber operator has pressed the push-to-talk switch
to initiate a voice call. If the subscriber has initiated a
voice call, the routine proceeds to step 371, which
stores any received data for later processing, and re-
turns control to reference letter E of Figure 3b to proc-
ess the voice call.

If the operator has not initiated a voice call, step
372 processes the received data in accordance with
any instructions previously received or contained in
the received data. Step 374 resets the data activity
timer since data activity was recently received.

Decision 376 determines whether the subscriber
unit operates in the voice monitor mode. If so, the rou-
tine proceeds to reference letter H of Fig. 3¢ to mon-
itor the control channel. However, if the subscriber is
a data monitor subscriber or a last mode subscriber,
decision 376 returns control to reference letter F of
Fig. 3d, and the data channel is monitored (step 350).

Referring now to Fig. 3f, the data transmit se-
quence of the data mode is illustrated. In step 378, the
subscriber unit transmits the data onto the data chan-
nel using any suitable form of data modulation. Deci-
sion 380 determines whether the subscriber’s trans-
mission has collided with the transmission of another
subscriber. Such collision detection schemes are well
known in the art and the selection of any particular
one scheme is not essential to the understanding of
the invention. Assuming the determination of decision
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380 was that a collision had occurred, the routine pro-
ceeds to step 382, which waits an arbitrary interval
before returning control to reference letter J of Fig. 3f
to retransmit the data. If, however, no collision was
detected, the routine proceeds to step 384, which re-
sets the activity timer since the subscriber has just
transmitted on the data channel. In step 386, the sub-
scriber determines whether it operates in the voice
monitor mode or whether it should continue to monitor
the data channel (i.e., either last used mode or the
data monitor mode). If the determination of decision
386 is that the subscriber should monitor the control
channel, the routine proceeds to reference letter H of
Fig. 3c. Otherwise, the routine proceeds to reference
letter F of Fig. 3d to monitor the data channel.

Referring now to Figure 4, a state diagram 400 il-
lustrating the operation of the subscriber unit is
shown. According to the present invention, the sub-
scriber unit must always be on either the control chan-
nel, an assigned voice channel or an assigned data
channel.

In state 402, the subscriber is operating in the
voice mode on the control channel. The subscriber
unit may participate in the voice call in state 404 by
receiving a channel grant, and returns to the control
channel state 402 by receiving a disconnect or timing
out at the end of the call. Additionally, the subscriber
may receive priority messages while participating in
a voice call. Accordingly, if the subscriber receives a
priority data mode command, the subscriber may
abandon the voice call and either enter state 406, or
go directly to state 408.

In state 406, the subscriber operates in the data
mode, while monitoring the control channel. The sub-
scriber may enter and leave this state via command
of the host computer via the network controller and
central controller. The commands can either return
the subscriber to the voice mode in state 402 or re-
main in the data mode monitoring the data channel in
state 408. In either of the data mode states (406 or
408), a push-to-talk command returns the subscriber
to state 402. Additionally, receiving a channel grant
rapidly moves the subscriber from state 406 directly
to state 404 to participate in a voice call. Thus, the
voice/data subscriber may move from one state to an-
other state along any of the defined paths of the state
diagram 400.

Claims

1. A method of operating a trunked voice/data com-
munication system (100) having a plurality of
voice/data subscriber units (114) for communi-
cating over a plurality of communication channels
(104A-104N), some of which may be allocated for
data traffic, and a particular one of which is re-
served as a control channel (104A), the method
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characterised by the steps of:
in atleast one of said plurality of voice/data
subscriber units:
(a) determining (338) whether at least one of
the communication channels has been allo-
cated for data traffic;
(b) transmitting, over the control channel, a
data channel request for a data channel to be
allocated for use by multiple data users if no
data channels are currently allocated;
(c) receiving (338), over the control channel,
a data channel grant which identifies a partic-
ular communication channel as a data chan-
nel for use by multiple data users;
(d) operating (352-386), thereafter, on said
data channel until a predetermined event oc-
curs;
wherein said predetermined event comprises
one of the following:
(i) receiving (368) a command over said
data channel to monitor said control chan-
nel; or
(i) the expiration of a predetermined time
interval during which there was no data ac-
tivity;or
(iii) initiating (316) a voice channel re-
quest; and
(e) thereafter, monitoring said control chan-
nel.

The method of claim 1, further including the step
of receiving (372), over said data channel, an in-
formation message identifying additional com-
munication channels of said plurality of commu-
nication channels as data channels.

The method of claim 2, which includes the step of
receiving (312), over said control channel, an in-
formation message identifying other of said plur-
ality of communication channels as data chan-
nels.

The method of claim 1, 2 or 3, wherein:

data channel grant (described in step (c))
further identifies a particular one of said at least
one identified communication channels as a first
allocated data channel; and

the operating step (d) includes a prior step
of selecting one of said data channels from said
at least one identified communication channels.

A method of operating a trunked voice/data com-
munication system (100) having a plurality of
voice/data subscriber units (114) for communi-
cating over a plurality of communication channels
(104A-104N), some of which may be allocated for
data traffic, and a particular one of which is re-
served as a control channel (104A), the method
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characterised by the steps of:
in at least one of said plurality of voice/data
subscriber units:

(a) determining (338) whether at least one of
the communication channels has been allo-
cated for data traffic;
(b) transmitting, over the control channel, a
data channel request for a data channel to be
allocated for use by multiple data users if no
data channels are currently allocated;
(c) receiving (338), over the control channel,
a data channel grant, which identifies at least
one of said plurality of communication chan-
nels as data channels for use by multiple data
users, and further identifies a particular one
of said at least one of said plurality of commu-
nication channels as a first allocated data
channel;
(d) operating (352-386) on a data channel se-
lected from said at least one of said plurality
of communication channels until commanded
to otherwise operate according to one of the
group of commands:

(i) monitor (368) said control channel;

(ii) monitor said first allocated data chan-

nel; or

(iii) generate (370, 371, 316) a voice call

request; and,
(e) thereafter, operating (312, 332) in accor-
dance with said command.

Patentanspriiche

1.

Ein Verfahren zum Betreiben eines Sprach/Da-
ten-Fernleitungskommunikationssystems (100),
das eine Mehrzahl von Sprech/Daten-Teilnehmer-
einheiten (114) zum Kommunizieren iber eine
Mehrzahl von Ubertragungskanalen (104A-104N)
hat, von denen einige Datenverkehr zugeteilt
werden kénnen, und ein bestimmter von ihnen
als ein Steuerkanal (104A) reserviert wird, wobei
das Verfahren durch die Schritte gekennzeichnet
ist:
in wenigstens einer der genannten Mehrzahl von
Sprech/Daten-Teilnehmereinheiten:
(a) Bestimmen (338), ob wenigstens einer der
Ubertragungskanale fiir Datenverkehr zuge-
teilt worden ist;
(b) Ubertragen eine Datenkanalanforderung
nach einem Datenkanal Gber den Steuerka-
nal, der zur Verwendung durch mehrere Da-
tenbenutzer zuzuteilen ist, wenn keine Daten-
kanale gegenwdrtig zugeteilt sind;
(c) Empfangen (338) einer Datenkanalerlaub-
nis Gber den Datenkanal, die einen bestimm-
ten Ubertragungskanal als einen Datenkanal
zur Verwendung von mehreren Datenbenut-
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zern kennzeichnet;
(d) danach Betreiben (352-386) auf dem ge-
nannten Datenkanal, bis ein vorbestimmtes
Ereignis auftritt;
wobei das genannte vorbestimmte Ereignis
eines der folgenden umfaft:
(i) Empfangen (368) eines Befehls liber
dem genannten Datenkanal, den genann-
ten Steuerkanal zu Gberwachen; oder
(i) das Ablaufen eines vorbestimmten
Zeitintervalls, wahrend dessen es keine
Datenaktivitat gab; oder
(iii) Initiieren (316) einer Sprechkanalan-
forderung; und
(e) danach Uberwachen des genannten Steu-
erkanals.

Das Verfahren des Anspruchs 1, das ferner den
Schritt des Empfangens (372) einer Informati-
onsnachricht liber den genannten Datenkanal
enthélt, die zusatzliche Ubertragungskanale der
genannten Mehrzahl von Ubertragungskanélen
als Datenkandle kennzeichnet.

Das Verfahren des Anspruchs 2, das den Schritt
des Empfangens (312) einer Informationsnach-
richt iber den genannten Steuerkanal enthalt, die
andere der genannten Mehrzahl von Ubertra-
gungskanélen als Datenkanéle kennzeichnet.

Das Verfahren des Anspruchs 1, 2 oder 3, in dem:
eine Datenkanalerlaubnis (im Schritt (c) be-
schrieben) ferner einen bestimmten des genann-
ten wenigstens einen gekennzeichneten Uber-
tragungskanals als einen ersten, zugeteilten Da-
tenkanal kennzeichnet; und

der Arbeitsschritt (d) einen vorausgehenden
Schritt des Auswéhlens von einem der genann-
ten Datenkandle aus den genannten wenigstens
einen gekennzeichneten Ubertragungskanlen
einschlieft.

Ein Verfahren zum Betreiben eines Sprach/Da-
ten-Fernleitungskommunikationssystems (100),
das eine Mehrzahl von Sprech/Daten-Teilnehmer-
einheiten (114) zum Kommunizieren iiber eine
Mehrzahl von Ubertragungskanglen (104A-
104N) hat, von denen einige Datenverkehr zuge-
teilt werden kénnen, und ein bestimmter von ih-
nen als ein Steuerkanal (104A) reserviert wird,
wobei das Verfahren durch die Schritte gekenn-
zeichnet ist:
in wenigstens einer der genannten Mehrzahl von
Sprech/Daten-Teilnehmereinheiten:

(a) Bestimmen (338), ob wenigstens einer der

Ubertragungskanale fir Datenverkehr zuge-

teilt worden ist;

(b) Ubertragen eine Datenkanalanforderung
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nach einem Datenkanal Giber den Steuerka-
nal, der zur Verwendung durch mehrere Da-
tenbenutzer zuzuteilen ist, wenn keine Daten-
kanale gegenwdrtig zugeteilt sind;
(c) Empfangen (338) einer Datenkanalerlaub-
nis liber den Steuerkanal, die wenigstens ei-
nen der genannten Mehrzahl von Ubertra-
gungskanélen als Datenkanéle zur Verwen-
dung durch mehrere Datenbenutzer kenn-
zeichnet, und ferner einen bestimmten der
genannten wenigstens einen der genannten
Mehrzahl von Ubertragungskanalen als einen
ersten, zugeteilten Datenkanal kennzeichnet;
(d) Arbeiten (352-386) auf einem Datenkanal,
der von den genannten wenigstens einen der
genannten Mehrzahl von Ubertragungskans-
len ausgewahlt worden ist, bis befohlen wird,
anders gemal einem der Gruppe von Befeh-
len zu arbeiten:

() Uberwachen (368) des genannten

Steuerkanals;

(i) Uberwachen des genannten ersten,

zugeteilten Datenkanals; oder

(i) Erzeugen (370, 371, 316) einer

Sprechanrufanforderung; und
(e) danach Arbeiten (312, 332) gemaR dem
genannten Befehl.

Revendications

Méthode de fonctionnement d’'un systéme de
communication voix / données (100) comportant
une pluralité d’'unités d’abonnés voix / données
(114) pour communiquer sur une pluralité de ca-
naux de communication (104A - 104N), certains
d’entre eux peuvent étre alloués au trafic de don-
nées, etl'un d’entre eux en particulier estréservé
comme canal de commande (104A), la méthode
caractérisée par les étapes consistant
dans au moins une de ladite pluralité d’uni-
tés d’'abonnés voix / données :
(a) a déterminer (338) si au moins un des ca-
naux de communication a été alloué au trafic
de données;
(b) a transmettre, sur le canal de commande,
une demande de canal de données pour
qu’un canal de données soit alloué afins d’uti-
lisation par de multiples utilisateurs de don-
nées si aucun canal de données n’est commu-
nément alloué;
(c) a recevoir (338) , sur le canal de comman-
de, une autorisation de canal de données qui
identifie un canal de communication particu-
lier comme un canal de données pour étre uti-
lisé par de multiples utilisateurs de données;
(d) a opérer (352 - 386), ensuite, sur ledit ca-
nal de données jusqu’'a ce qu’'un événement

20

25

30

35

40

45

50

55

10

18

prédéterminé se produise;
dans laquelle ledit événement prédéterminé
comprend 'un des faits suivants :
(i) recevoir (368) une commande sur ledit
canal de données pour contrdler ledit ca-
nal de commande; ou
(ii) I'expiration d'un intervalle de temps
prédéterminé au cours duquel il n’y a pas
eu d’activité de données; ou
(ii) initier (316) une demande de canal vo-
cal; et
(e) ensuite, a contrdler ledit canal de
commande.

Méthode selon larevendication 1, comprenant en
outre I'étape consistant a recevoir (372), sur ledit
canal de données, un message d’information
identifiantles canaux de communication complé-
mentaires de ladite pluralit¢ de canaux de
communication comme canaux de données.

Méthode selon la revendication 2, qui comprend
I’étape consistant a recevoir (312), sur ledit canal
de commande, un message d’information identi-
fiant d’autres canaux de ladite pluralité de ca-
naux de communication comme canaux de don-
nées.

Méthode selon les revendications 1, 2, ou 3 dans
laquelle :

une autorisation d’un canal de données
(décrite dans la phase (c)) identifie en outre un
canal particulier dudit au moins un canal de
communication identifi€ comme un premier ca-
nal de données alloué; et

la phase d’opération (d) comprend une
premiére phase de sélection de I'un desdits ca-
naux de données dudit au moins un canal de
communication identifié.

Méthode de fonctionnement d’'un systéme de
communication voix / données (100) comportant
une pluralité d’'unités d’abonnés voix / données
(114) pour communiquer sur une pluralité de ca-
naux de communication (104A - 104N), certains
d’entre eux pouvant étre alloués au trafic de don-
nées, et I'un d’entre eux en particulier étant ré-
servé comme canal de commande (104A), la mé-
thode étant caractérisée par les étapes consis-
tant :
dans au moins une de ladite pluralité des

unités d’abonnés voix / données :

(a) a déterminer (338) si au moins un des ca-

naux de communication a été alloué au trafic

de données;

(b) a transmettre, sur le canal de commande,

une demande de canal de données pour

qu’un canal de données soit alloué afins d’uti-
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lisation par de multiples utilisateurs de don-
nées si aucun canal de données n’est commu-
nément alloué;
(c) arecevoir (338) sur le canal de commande,
une autorisation de canal de données qui
identifie au moins une de ladite pluralité de
canaux de communication comme des ca-
naux de données pouvant étre utilisés par de
multiples utilisateurs de données, et de plus
identifie I'un en particulier d’au moins un de
ladite pluralité de canaux de communication
comme étant le premier canal de données al-
loué;
(d) a opérer (352 - 386) sur un canal de don-
nées sélectionné a partir d’au moins'un de la-
dite pluralité des canaux de communication
jusqu'a ce qu’il soit commandé pour opérer
différemment selon une commande du grou-
pe de commandes :

(i) contréler (368) ledit canal de comman-

de;

(ii) contréler ledit premier canal de don-

nées alloué; ou

(iii) générer (370, 371, 316) une demande

de canal vocal; et
(e) ensuite, opérer (312, 332) suivant ladite
commande.
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